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Introduction 
This technical memorandum presents an analysis of the nature and extent of metals in 
surface soils and residual material stockpiles (residue piles), potential ecological risks, cuid 
potenticd human health risks associated with exposure pathways specifically associated with 
residue piles at the Eagle Zinc Company Site (the Site). The results presented in this 
technical memorandum supplement those presented in the Ecological Risk Screening 
Evaluation (ERA) prepared for the site (ENVIRON, 2004), screening-level human health risk 
assessment (HHRA) (ENVIRON, 2004), and in the addendum to the remedial investigation 
(RI) report (ENVIRON, 2005). This technical memorandum evaluates potential exposure 
pa^ways associated with future onsite land use scenarios and the potential for transport of 
contaminants from the residue piles to onsite soils. 

Nature and Extent of Inorganics in Residue Piles and Surrounding Surface Soils 

Residue Piles 
Based on previous investigations {Remedial Investigation Phase 1 Source Characterization, 
Environ, March 2003; Remedial Investigation Phase 2 Migration Pathway Assessment, Environ, 
November 2003; Remedial Investigation Report, Environ, March 2005; and Remedial 
Investigation Addendum, Environ, April 2005) a total of 15 residue piles or groups of piles 
have beeii identified onsite. Over time, residue from the piles has been distributed across the 
central, southern, artd southwestern portions of the site. Based on boring logs from the 
Phase 1 RI in the southwestern area (desi^ated as Area 1), residue thickness varies from 0 
to 28 feet with an average of 6.5 feet. Residue thickness in the central southernmost portion 
of the site (designated as Area 2) varies from 0 to 6 feet with an average of 1.6 feet. Residue 
thickness in the central portion of the site (designated as Area 3) varies from 0 to 9 feet with 
an average of 2.4 feet. Residue thickness in an area immediately north of die central portion 
of the site (designated as Area 4) varies from 0 to 6 feet with an average of 1.8 feet. Residue 
thickness across the manufacturing area (designated as MA) varies from 0 to 5 feet with an 
average of 1.9 feet. Within the western area (designated as WA), only one out of ten soil 
borings encoimtered residue at 1.5 feet thick, no residue was found in the remaining nine 
borings. Residue was not encountered in any soil borings completed in the northern area of 
thp site. Figure 1 presents the location of the designated areas across tne site: 
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During Phase 1 of the RI, 15 composite samples were obtained from the 15 piles identified 
onsite and analyzed for toxicity characteristic leaching procedure (TCLP). These composite 
samples were collected from trenches completed at six locations within each pile/pile 
group. The trenches extended through the depth of the pile/pile group and samples were 
collected from the excavator bucket at approximately one-quarter, oiie-half, and three-
quarter depths from the top of each excavation. Three of the composite samples for residue 
piles failed TCLP levels for lead, RRl-3 (14 milligrams per liter [mg/L]), RR2-11 (6 mg/L) 
and MPl-21 (83 mg/L). During i^ase 2 of the RI, a supplemental sampling effort was 
completed for the three residue piles identified in the Phase 1 .effort as having failed for 
TCLP levels of lead and were again sampled for TCLP lead levels. Results of the TCLP 
analyses revealed that all three piles failed for lead. 

Residue pile sampling was conducted as part of the RI Addendum, April 2005, and 15 
piles/pile groups were sampled at that time and analyzed for target analyte list (TAL) 
metals. These samples were collected from non-crusted portions of each of the piles/pile 
groups (0 to 3 inches of outermost portion of the pile) to represent that which would be 
expected to have the greatest potential for emission of particulates. A direct comparison to 
Illinois' tiered approach to corrective action objectives (TACO) levels for soil is not 
appropriate since the residue is not a soil. However, results for zinc ranged from 7,700 
milligrams per kilogram (mg/kg) to 210,000 mg/kg, 74 mg/kg to 31,000 mg/kg for lead 
levels, 6.1 mg/kg to 50 mg/kg for cadmium levels, and 3.1 mg/kg to 200 mg/kg for arsenic 
levels. In addition to the 15 residue samples collected, one composite sample was collected 
representing all 15 piles by combining the finest grained fraction from each residue sample 
(that passing a #200 sieve or < 7 microns) into one sample and analyzed for TAL metals. 

Surface Soil 
A total of 130 Soil borings were completed during the Phase I RI. Soil samples were screened 
with a photoionization detector (PID) and an X-ray fluorescence (XRF) an^yzer at each 
location. A total of 10 percent of all of the soil samples were submitted for TCL organic 
compounds and PCBs based on PID screening, and 20 percent of all soil samples were 
submitted for laboratory analysis-of TAL metals based on XRF field screening. A total of 27 
soil samples were collected from soil borings during the Phase 1 RI and submitted for 
laboratory analysis. 

Illinois TACO refers to stuface soils as the top 1 meter of soil (Section 742, Table B: SSL 
Parameters). Based on the TACO reference, stuface soil samples are herein defined as those 
soil samples collected between 1 and 3 feet below groimd surface (bgs). All soil samples 
were collected at depths greater than 1 foot bgs due to the presence of residue across the 
Site. The RI Report did not clearly define surface soil samples; however, of the 27 Soil 
samples submitted for laboratory analysis, 20 of the soil samples were collected between 1 
and 3 fact of the ground surface and are considered to satisfy the definition of surface soil. 
Diuing supplemental soil sampling conducted as part of the RI Addendum, four additional 

. surface soil Samples each were collected in both the southern portion of the site and along 
the northern boundary of the site. 

The existing surface soil analytical data for the Site indicates that onsite surface soils have 
been impacted by the residue piles. However, the existing surface Soil analytical data does 
not adequately define the nature and extent of metals contamination in onsite surface soils. 
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Figure 1 depicts onsite surface soil samples with analytical results above screening levels 
and residue pile locations. Where available, surface soil analytic^ results at these locations 
were compared with the TACO Tier 1 screening level values for arsenic, cadmium, zinc, and 
the USEPA Region 111 risk-based concentration (RBC) levels for lead. Comparison of surface 
soil sampling locations with exceedances of the TACO and USEPA Region 111 criteria and 
the locations of residue piles indicates that the following data gaps remain: 

• Concentrations of arsenic and lead exceed TACO Tier 1 and EPA Region III criteria in 
Area 1 onsite surface soils at Al-3 and Al-26. 

• Concentrations of cadmium exceed the TACO Tier 1 criteria at locations WA-8 and WA-9. 

• Concentrations of cadmium exceed TACO Tier I criteria in Area 3 at location A3-25. 

• Concentrations of arsenic exceed TACO Tier 1 criteria at location A4-15. 

• Concentrations of zinc were detected just above the TACO Tier I criteria at location NA-
52 in the sample duplicate, but not in the sample itself. 

Based on the lack of surface soil data and the exceedances evident in the data that exist, 
additional sampling is recommended to define the extent of contanunation in surface soil at 
these locations. Locations of the exceedances indicate that the surface soils near and down 
wind from the residue piles have been impacted. 

Review of Ecologlcal Risk Assessment 
The approach for the detailed review of the ecological risk assessment was to first evaluate 
existing soil data, define a reasonable future risk scenario, and then evaluate risks associated 
with the reasonable futiue risk scenario. 

Evaluation of the Soli Data 
A preliminary review (i.e., a comparison of maximum concentrations) of the March 2005 
surface soil data indicated that the actual concentrations may be significantly different than 
the surface soil concentrations evaluated in the RI and RI Addendum Ecological Risk 
Screening Evaluation (ERSE). Therefore, the surface soil dataset used in the RI was 
compared to an updated dataset that included the RI dataset as well as the surface soU data 
collected in March 2005. For samples with duplicates, the maximum concentration of either 
the duplicate or parent sample was used in the analyses; One-half the reporting limit was 
used for all sample concentrations that were below the reporting limit. Sample A1-3-S1-2 
was used in the analyses rather than A1-3-S1 because this sample contained less residue 
material. Statistical comparisons were performed using means-test (parametric or non-
parametric). Determination of wheither to use a parametric or nonparametric test was done 
by checking for normality (Shapiro-Wilks) arid homogeneity of variance (F-value). If both 
datasets were normal and had homogenous variances, then a parametric test (simple t-test) 
was performed. Otherwise, a non-pMametric Mann-Whitney test was performed- Data were 
log transformed to achieve normality, if possible. The results of the andyses are presented 
in Table 1. There were no significant differences between the old (RI) and new (RI dataset 
plus March 2005 data) for any of the metals evaluated, despite higher maximum 
concentrations in the March 2005 data for some of the metals. For this reason, no further 
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analyses were necessary. The ecological risks to terrestrial receptors are therefore considered 
negligible under current conditions, as was presented in the RI. 

Future Risk Scenario 
A remediation action that involves disturbance of the residue piles may disperse large 
amounts of small residue particles into areas of natural or created vegetation or the 
waterways. The ecological risk associated with this scenario was evaluated With a 
conservative, approach that followed the RI protocol and used the concentrations from the 
residue composite sample. The residue composite sample was the most fine-grained fraction 
(the fraction that passed through a #200 sieve or <75 microns) combined from each residue 
sample. 

Table 2 presents the results of the Steps 1,2, and 3 terrestrial wildlife extended removal site 
evaluation (ERSE) using the composite sample concentrations in place of surface soil 
concentrations. All other parameters and assumptions (e.g., ecotoxicity screening values, 
food ingestion rates, etc.) are the same as those used in the RI and were not presented for 
this review. The Maximum Scenario is that based on exposure assumptions presented in 
Steps 1 and 2 of the RI. The Refined Scenario is that based on exposure assumptions in Step 
3. The results of these analyses indicate that there is hieh risk from the zinc concentrations in 
the composite sample to all terrestrial wildlife. A high risk to American robins from lead 
may also be present, but was not determined because a less conservative avian ecotoxicity 
screening value was not available for the RI. If a factor of 10 between the no observed 
adverse effect.level (NOAEL) and lowest observed adverse effects level (LOAEL) is 
assumed, the risk to American robins from lead in the composite sample is considered Mgh. 
Low to moderate risk is also associated with lead and selenium to the deer mouse. 

Table 3 presents the results of Steps 1 and 2 sediment ERSE using the composite sample 
concentrations in place of sediment concentrations. This scenario is intended to evaluate the 
possibility of fine-grained residue particles entering the drainage ways, resulting in 
exposure to sediment-associated ecological receptors. Cadmium, cobalt, copper, lead, nickel, 
silver, and zinc had hazard quotients (HQs) greater than 10 when based on Ae RI selected 
screening value and therefore, are associated with high risk to sediment-associated 
receptors, The remaining metals, except for chroiniun^ also exceeded their respective 
ecotoTdcity sediment screening values, and therefore, are also associated with a low to 
moderate level of risk. 

Table 4 presents the results of a comparison of estimated surface wa:ter concentrations to 
surface water ecotoxicity screening values. Approximate surface water concentrations were 
estimated by multiplying the average surface water concentration (on- and o£fsite> both 
drainage Ways) by the ratio of the fine-grained composite fraction concentration to the 
average sediment concentration (on- and offsite, both drainage ways). Aluminiun, 
cadmium, copper, iron, nickel, and zinc had HQs greater than 10 for one or more receptors 
when using the Rl-selected screening value; and therefore, are associated with high risk to 
surface Water-associated receptors. Arsenic and manganese also exceeded screening valups 
for the Rl-selected Screerung value, and therefore, are also associated with a low to moderate 
level of risk. It should be noted that the impacts to aquatic habitat are dependent on the 
quality of the habitat available in the future condition of the site. Although high 
concentrations of metals in surface water and sediment are currently present in the drainage 
ways, poor habitat quality limits prnlngiiral PYpnsiirp. Future scenarios with poor habitat 
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quality will also limit ecological exposure despite elevated surface water and sediment 
concentrations. Future scenarios with habitat improvement will increase ecological 
exposure, and therefore, increase ecological risk. 

Several assumptions, including those alreiady discussed in the RI, were included in the 
analysis and include the following: 

• The concentrations in each of the residue piles portions were assumed to be the same as 
those in the composite sample. The concentration in each pile was not known. The 
sample is most likely not homogenous, and several residue piles most likely have fine^ 
grained particle concentrations that are above and below the average concentration used 
in the analyses. 

• The volume of fine-grained particles that can be released from all residue piles is 
sufficient to cover the site. The volume of particles is not known. The area of the site 
(152 acres) was used in the Step 3a refined scenario to modify the exposure scenario 
relative to the home range of the ecological receptors. The impact to ecological receptors 
from coverage of an area smaller than 152 acres with fine-grained particles was not 
determined. 

• The concentrations in the residue particles are 100 percent bioavailable to ecological 
receptors. The composite sample fraction was selected for these analyses because it was 
considered the most bioavailable of the residue size fractions sampled. 

These assmnptions can be refined by determining the concentration and the volume of fine
grained particles in each pile. These additional refinements may result in one of several 
conclusions including negligible site-wide risk, localized areas presenting unacceptable risk 
(i.e., "hotspots" are associated with individual piles), or unacceptable site-wide risks 
associated with pile disturbances that result in dispersion of particles. 

The results of these analyses indicate that there is high risk to ecological receptors from fine
grained particles dispersed to areas of naturSljr created vpgpfatinn nr Thp w;n^^aYn 
Future remedial actions with the residue piles require approval and monitoring to prevent 
ecological receptor contact with fine-grained particles. 

Supplemental Human Health Risk Assessment Calculations Summary 
Supplemental risk assessment calculations conducted for onsite conditions at the Site 
indicate tfiat concentrations of lead and zinc in the residue piles may be associated with 
exposures and risks that are higher than U.S. Environmental Protection. Agency (USEPA) 
risk reduction objectives (USEPA, 1994 and 1991). These risks were based on evaluations of 
potential current land uses (potential trespassers to the site) and hypothetical future Imd 
uses (potential construction worker exposures, industrial land use, or residential land usel. 
These potential exposure pathways could be present should the residue piles be graded and 
left onsite as part of future development of the site, or if the residue piles are excavated and 
removed from the site for use as fill elsewhere. Risks higher than risk reduction ol^ectives 
generally are not associated With concentrations of metals detected in the surrounding soils, 
based on data characterizing ciurent conditions. However, there is the potential for 
continuing rdeases from the residue piles, which might result in changes in concentrations 
of metals in the future. Potential transport mechanisms from the piles include emissions of 
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wind-blown dust and surface runoff following precipitation. The results from these 
calculations suggests that surface runoff is potentially the more significant transport 
mechanism, though emissions of windblown dust could increase over ciurently calculated 
levels should the piles be disturbed Or excavated in the future. 

Summary of Onsite Analytical Results 
Analytical results in pile residue samples and surrounding onsite soil samples have been 
reported in the addendum to the RI report (ENVIRON, 2005). In addition, residue and soil 
samples were collected in April 2005 by the Illinois Environmental Protection Agency 
(lEPA). Analytical results from the residue and soil samples, as presented in the RI 
addendum, are shown in Tables 5 and 6. The locations of these samples are shown in 
Figure III-l in the RI addendum report. Analytical results from the residue and soil samples 
Collected by lEPA are shown in Tables 7 and 8. A figure depicting the locations of the lEPA 
analytical results is included as Attachment 1. 

Evaluation of Ohslte Risks Under Hypothetical Future Residential Land Use 
Evaluation of risks potentially associated with soils and residues onsite based on a 
residential land use scenario assumes that 1) the site could be developed for residential use 
in the future; or 2) residues from the site could be excavated and reused as fill at locations 
where residents could be located. Each residue pile was treated as an individual exposure 
unit for purposes of this evaluation, which involved comparison of concentrations in each 
pile with residential Preliminary Remediation Goals (PRCs) developed by USEPA Region 9 
(USEPA, 2004). This comparison is presented in Table 9. Onsite soil samples were also 
screened against PRCs to iderltify chemicals of potential coricem (COPCs) based on a 
residential land use scenario. This Comparisori is presented in Table 10. 

Concentrations in onsite soils generally fell below their respective residential PRC 
concentrations. Concentrations in soil less than PRCs pose risks smaller than 1 x 10^ or 
noncancerous hazard quotients smaller than one; in the case of lead, concentrations higher 
than the PRC indicate the potential for blood lead levels to be elevated above an action level 
of 10 migrogram(s) per deciliter (ng/dL). While arsenic corieentrations were higher than 
their PRG, those concentrations Were consistent with backgrotmd levels in soil. 
Concentrations of iron and lead in onsite soil were higher than PRGs in two soil samples, 
A1-3-S1 and A1-26-S1, both located in Area 1 in the southern portion of the site. These 
samples were collected next to piles RRl-1 and RRl-2. Lead concentrations in particular 
wprp pipvafipfl ahnvp harltgrnund level Concentrations. While this does not represent a full 
chaf^acterization of potential risks in this area, the soil sampling results provide an 

residue piles. 

COPCs in residue piles were iron, lead, and zinc; these metals were detected at 
concentrations above their PRGs in most of the residue piles. Concentrations of other 
metals (arsenic, antimony, cadmium, copper, and manganese) were elevated above PRGs in 
a few piles. Based on the results of this evaluation, concentrations of zinc in most piles 
would exceed an HQ of one. Concentrations of lead in most piles would be associated with 
a blood lead level greatier than 10 ^g/dL in children. 

MKE\0S2160002 
COPYRIGHT 2009 BY CH2M HILl, INC. • COMPANY CONFIDENTIAL 



EAGLE aNC COMPANY SITE-REVIEW OF NATURE. EXTEMT OF CONTAMINAWTS, AND RISK ASSESSMENTS 

Evaluation of Onslte Risks Under Hypothetical Future industrial Land Use 
As described previously, each residue pile was treated as an individual exposure unit for 
purposes of this evaluation, which involved comparison of concentrations in each pile with 
industrial PRGs developed by USEPA Region 9 (USEPA 2004). This comparison is 
presented in Table 11. Onsite soil samples were also screened against PRGs to identify 
COPGs based on a residential land use scenario. This comparison is presented in Table 12. 

Based on this evaluation, onsite soils contained concentrations lower than PRGs, with the 
exception of one location in Area 1 (Sample A1-3-S1). Concentrations of lead and zinc were 
higher than industrial PRGs in most piles. Based on the results of this evaluation, 
concentrations of zinc in most piles would exceed an HQ of one, under a future industrial 
land use scenario. Concentrations of 'lead in most piles would be associated with elevated 
blood lead levels in sensitive receptors, in this case, women of childbearing age. 

Evaluation of Onsite Risks—Other Land Uses 
Other land uses considered in this evaluation include construction workers and recreational 
land uses (i.e., trespassers). Construction workers potentially could be exposed to 
concentrations in the residue piles should they be excavated or disturbed in the future. 
Observations of the site by lEPA have noted that the residue piles are potentially accessible 
to trespassers who could use the piles for recreational purposes (i.e., driving all-terrain 
vehicles [ATVs]). 

Potential exposures to construction workers were evaluated using PRGs calculated with 
default exposure factors published by the Oak Ridge National Laboratory (ORNL) Risk 
Assessment Information System (RAIS) 
fhttp://risk.lsd.ornl.gov/prg/equations/exc sol nrad totshtmlL Based on the previous 
screening using industrial PRGs, this evaluation focused on lead concentrations in the 
residue piles. A PRG for exposure levels for lead to construction workers was calculated 
using USEPA's Adult Lead Model 
fhttp: / / www.epa.gov / superfund / programs/lead/products/ almOS 03.xlsi. An example 
calculation is presented in Attachment 2. 

Comparison of lead concentrations in pile residue with the construction PRG is presented in 
Table 13. Lead concentrations were higher than the PRG in four piles; MPl-21, RCO-10, 
RRl-3, and RR2-11. In addition, emissions to the air during construction were estimated 
using the default heavy construction eniisrion factor of 1.2 ton/acre per month, described in 
AP-42 (USEPA, 1995). Concentrations in air were modeled as squEue source areas using ~ 
SCREEN3. The source areas represented by the volume of residues in the piles were 
estimated assuitung each had been graded and spread to a uniform depth of 6 inches. 
Sample calculations for piles MPl-21 and RR2-11 are shown in Attachment 3. 

The results of this air pathway analysis indicate that 8-hour average concentrations of lead 
in air associated with construction emissions could exceed the Occupational Safety and 
Health Administration (OSHA) action level of 30 micrograms per cubic meter (ng/m^) for 
piles MPl-21 and RR2-11. Exceeding the action level triggers additional monitoring 
requirements under OSHA's lead standard (40 CFR 1910.1025). In addition, lead 
concentrations in air at pile MPl-21 could exceed the Permissible Exposure Limit (PEL) of 
50 tig/m3. When concentrations exceed the PEL levels, air emd biological monitoring for 
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lead exposure are performed, personal protective equipment arid engmeering controls used, 
and worker training provided, 

Potential exposures of trespasser/recreational users of the site were evaluated for lead in 
pile residues. A PRG for lead for recreational uses was estimated using the Adult Lead 
Model, with exposure factors presented in the ORNL RAIS 
fhttp://risk.lsd.ornl.gov/prg/equations/rec sol nrad tot.shtmll. An example calculation 
is presented in Attachment 2. Concentrations of lead in pile residues were higher than the 
recreational PRG in piles MPl-21, NP-15, RCO-10, RRl-3, and RR2-11. Concentrations of 
lead in these piles would he cissociated with elevated blood lead levels in sensitive receptors, 
in this case, women of childbearing age. 

Updated Air Pathway Analysis 
The RI addendum addressed potential long-term concentrations of metals in air under 
current site conditions. Current site conditions for this analysis are defined as containing 
weathered piles with aggregate material surfaces characterized by finite availability of 
erodible material and crusting of the surface that binds erodible material and reduces 
erosion potential. The results of that analysis indicated that emissions of metals in dust 
from the piles would not elevate concentrations in on- or offsite soils, and would not be 
associated with risks higher than USEPA risk reduction objectives. 

A suppletnental analysis was conducted based on the assumption that the piles could be 
disturbed in the future through construction or excavation. Under this assumption, 
concentrations in air from emissions from pile residue Were modeled as square source areas 
using SCREENS. The source areas represented by the volume of residues in the piles were 
estimated assuming each had been graded and spread to a uniform depth of 6 inches (see 
Attachment 3 for the source area assumptions). Emissions were assumed that the piles 
represented an "unlimited" reservoir of-highly erodible soil. Windblown dust is cissumed to 
be suspended into tiie air only at times when the wind speed is higher than a threshold 
friction velocity. For highly erodible soils (unlimited potential),.annual dust emissions are 
proportional to the distribution of wind speeds above the threshold'friction velocity. The 
threshold friction velocity is considered to be proportional to the typical particle size of the 
surface soil; This emission factor model' has been developed by EPA for the rapid 
assessment of particulate emissions from surface contamination sites (EPA, 1935) and is also 
used in EPA's Soil Screening Guidance to evaluate the inhalation exposure pathway for 
non-volatile contaminants (EPA, 1996). The default assumptions presented in Appendix D 
to the Technical Background Document of the Soil Screening Guidance were used to 
estimate emissions to tile air. Concentrations in soil associated with deposition of 
particulates onto the ground were estimated Using the methodology developed in USEPA's 
combustion risk asSe$sment guidance (USEPA, 1998). The sjjeeific assumptions used to 
model concentrations in soil are presented in the RI Addendum (ENVIRON, 2005). 

The results of the air pathway analysis for future conditions indicated that emissions from 
the piles after they ̂ had been disturbed would result in slightly elevated concentrations in 
surrounding soils. However, available soil sampling data (Tables 6 and 8) indicate that 
onsite concentrations of metals in soil are considerably higher than would be indicated by 
eniissions of dust followed by deposition onto the suTroimding soils^ Therefore, the results 
of this analysis suggest that some transport mechanism other than wind blown dust 
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transport is responsible for concentrations of metals elevated above background levels that 
are detected in soils surrounding ttie residue piles. Further discussion of potential transport 
mechanisms is presented in the following section. 

Potential Runoff from Residue Piles 
Another possible mechanism for release of soils and metals from the residue piles is surface 
rtmoff resulting from precipitation. Soil losses from rainfall and runoff were estimated 
using the Universal Soil Loss Equation (USLE). The USLE was developed by statistical 
analyses of many plot years of rainfall, runoff, and sediment loss data from many small 
plots located around the coimtry (Wischmeier and Smith, 1978). 

The Universal Soil Loss Equation is as follows: 

A = RKLSCP 

where: 

A = Average annual soil loss in tons per acre per year 

R = Rainfall and runoff erosivity itidex for a given location 

K = Soil erodibility factor 

L = Slope length factor 

S = Slope steepness factor 

C= Cover and management factor 

P = Conservation or support practice factor 

The USLE calculations are shown in Table 15. These results indicate that annual losses of 
soil could run off from the piles and become deposited onto the surroimding soils. This 
runoff could be the mechanism underlying elevated concentrations of metals in surface soil 
surrounding the piles. For example, the surface soil samples to the north of the piles (NA-Sl 
through S4 detected zinc at concentrations of 950 to 7,700 mg/kg. These concentrations are 
well above backgroimd zinc levels (typically, background levels for zinc in soil are 
approximately 400 mg/kg). Concentrations of zinc in the northern residue piles (RRC)-12 
and NP-16) are 120,000 to 180,000 mg/kg (Table 5). These results in surroimding soils and 
the piles> combined with the runoff calculations, suggest that some releases from the residue 
piles to the surrounding soils have occurred. 

Elevated concentrations of lead (500 and 1,100 mg/kg) and zinc (2,700J and 4,800J) have 
been detected in surface soil samples to the south of piles RRl-1, RRl-2, and RRl-3 and west 
of pile MPl-21 (surface soil samples A1-3-S1 and A1-26-S1). Lead concentrations of 
31,000 mg/kg have been detected in pile MPl-21. Zinc concentrations are elevated in all of 
these piles (ranging from 7,700 to 190,000 mg/kg). Again, these results suggest that runoff 
may be a plausible mechanism for the elevated concentrations in surface soil surrounding 
the piles. 

MKE\052160002 
COPYRIGHT 2009 BY CH2M HiU, INC. • COMPANY CONFIDENTIAL 



EAGLE ZINC COMPANY SITE-REVIEW OF NATURE. EXTENT OF CONTAMINANTS. AND RISK ASSESSMENTS 

Conclusions 
The results from these supplemental risk assessment calculations are as follows: 

• Concentrations of lead and zinc in the residue piles are associated with risks higher than 
USEPA risk reduction objectives when evaluated using residential land use 
assumptions. Concentrations of lead in residues are higher than the residential PRC, 
meaning that potential lead exposures under future residential use could be associated 
with blood lead levels in children higher than the 10 (Xg/dL threshold blood lead level 
(USEPA, 1994). Concentrations of ziric are higher than the residential PRC, meaning 
that potential zinc exposures under future residential use could be higher than a 
noncancerous HQ of one (USEPA, 1991). These results are applicable across all of the 
piles. 

• ConcentratioiTS of metals in surrounding soils generally do not exceed PRCs, with the 
PYPPptinn nf loaH anH vine in lin^fpH arpag in fhp aniiFhem portion of the site. With the 
exception of these areas to the south, concentrations in surface soil, under current 
conditionsy do not exceed risk reduction objectives. However, as discussed below, there 
are transport mechanisms from the piles that could result in continuing releases to 
surrounding soils. 

• Concentrations of lead and zinc in most of the residue piles are higher than industrial 
PRCs, indicating that potential exposures to these concentrations could be higher than 
risk reduction objectives (USEPA, 1991 and 1994). Concentrations of lead in residues are 
higher than the industrial PRC, meaning that potential lead exposures of women of 
child-beming age under future industrial use could be associated with blood lead levels 
in children higher than the 10 ng/dL tiireshold blood lead level (USEPA, 1994), 
Concentrations of zinc are higher than the residential PRC, meaning that potential zinc 
exposiires tmder future industrial use could be higher than a noncancerous HQ of one 
(USEPA, 1991). Concentrations in surrpimding surface soil, under current conditions, 
generally do not exceed risk reduction objectives. However, as discussed below, there 
are transport mechanisms from the piles that could result in continuing releases to 
surrounding soils. 

• Concentrations of lead in most of the residue piles are higher than PRCs based on 
consthiction worker mid trespasser (recreational user) exposure scenarios. This means 
potential lead exposures of women of child-bearing age under these land uses could be 
associated with blood lead levels in children higher than the 10 fig/dL threshold blood 
lead level (USEPA, 1994). Potential exposures of construction workers to lead dmmg 
excavation or construction activities could be higher than the action level or PEL for 
piles MPl-21 or RR2-11. 

• Under current conditions, emissions of dust from the piles do not appear to produce 
significant concentrations in air or deposition of metals onto stirroiinding soUs^ Under 
future conditions, should the piles be disturbed, graded, or excavated, potential dust 
emissions could increase. However, the resulting concentrations under these future 
conditions do not appear to result in deposition that would significantly elevate 
concentrations in onsite soilsi In particular, analytical results from onsite soils suggest 
that some mechanism other than emissions of dust from the piles is the cause for 
elevated concentrations in soils surrounding the piles. 

MKEUIS2160002 10 
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EAGLE ZINC COMPANY SITE-REVIEW OF NATURE, EXTENT OF CONTAMINAWTS, AND RISK ASSESSMENTS 

• Evaluation of potential runoff from the residue piles, due to precipitation, represents a 
potential transport mechanism of metals to surrounding soils. Elevated concenteations 
of lead and zinc (above background levels) are found in soils surrounding the residue 
piles. 
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TABLE 2 
Terrestrial Reoeptor Hazard Quotients Based on Concentrations In ttie Finegrained Residue Compoate Sampk 

Deer Mouse American Robin Red4aiied Hawk 
Maximum Scenario Refined Scenario Misximum Scenario Refined Scenario Maximum Scenario Refined Scenario * 

Chemical NOAEL LOAEL NOAEL LOAEL. NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 
Arsenic 139 15 1.2 0.13 3.6 1.3 0.26 - 0.03 — - -
Cadmium 121 13 6.0 0.66 150 11 5.4 0.39 8.1 0.59 - -
Chromium 0.01 NA - NA 39 7.9 1.2 0.24 1.3 0.27 - -
Copper 61 51 0.36 - 32 24 0.92 - 7.7 5.9 0.02 -
Lead 207 22 10 1.1 739 NA 46 NA 48 NA 0.29 -
Mercury 0.99 - 4.9 ,2.4 0.12 - 0.06 0.04 -
Nickel 29 16 1.4 0.76 25 16 0.24 - 1.4 1.0 0.01 -
Selenium 17 11 2.3 1.5 6.0 3.0 0.16 - 1.4 0.72 - -
Silver 0.58 - - - 0.97 - — - 0.26 0.11 - -
Zinc 1,970 1.072 130 71 39,355 4,356 2,026 224 2,747 304 14 1.6 
Note: The Maximum Scenario was evaluated In Steps 1 and 2 of the Rl. The Refined Scenario was evaiuated in Step 3a. 
- = Caiculation not perfbrmed because HQ < 1 using more conservative calculation parameters 
* The SFF (0.57) used in the Rl HQ calculation for the red-tailed hawk Refiried Scenario was replaced a corrected value (0.23) 



TABLES 
Sediment Hazard Quotients Based on Concentrations in the Fine-grained Residue Composite Sample 
Eagle Zinc Company Site 

Composite Ssdimont Hazard Quotients 
Sample 

Concentration USGS OMOE 
Ctiemicai (maftfl) Region V Region V NOAA TEL NOAA PEL NOAA UET USGS PEL USGS SEL USGS TET ERM USGS PEC SEL OMOELEL 
Aluminum 12.000 - - - - - - - - - - - -
Antimony Rejected - - - -r - - - - _ _ 
Arsenic 55 HHBH 5.6 9.3 3.24 0.32 3.24 1.7 3.2 0.65 1.7 1.7 9.2 
Barium 220 ____________ 
Beryllium 1.1 - _ _ _ _ _ _ _ _ _ _ _ 
Cadmium 22 HHSIHI 22 0.04 6.2 7.3 6.2 2.2 7.3 2.4 4.4 2.2 37 
Calcium 5,600 - ___________ 
Chromium 50 mffiflBjgg 1.2 1.3 0.56 0.53 0.56 0.45 0.50 0.34 0.45 0.45 1.9 

Copper 3.700 JHijHjllT^ 104 19 43 19 34 43 9.5 25 34 231 
Iron 62,000 - _________ 4.1 
Lead 7,100 —SSaHl 193 192 76 56 76 28 42 65 55 28 229 
Magnesium 3,200 _ - _ - - -
Manganese 2,500 __________ BliSiSS 5.4 
Mercury 0.43 IB^SB 2.5 2.5 0.66 0.77 0.66 0.22 0.43 0.33 0.41 0.22 2.2 
Nickel 1,600 BKmiil 70 89 45 37 44 , 21 26 32 33 21 100 
Potassium 660 ____________ 
Selenium 15 - ___________ 
Silver 58 HEBHI 116 - -- -- -- -- -
Sodium 1,600 ____________ 
Vanadium 34 _ _ _ - - - - - - - _ 
Zinc mil mill HHBSiil ^-^5 571 346 571 SO 333 667 392 220 1,500 
Notes: 

1= Hazard Quotient tiased on Screening Value used in Itie Rl 



TABLE 4 
Surfece Water Hazard Quotients Based on Concentrations In the Fine-grained Residue Composite Sample 
Eagle Zinc Compsny Site 

Hazard Quotient 

Estimated Surface Water Great Blue 
Chemical Concentration (mg/L) ^ Water Quality Heron Mink 
Aluminum 0.57 0.77 0.21 23 

Arsenic 0.032 0.17 0.019 1.4 
Barium 0.19 0.039 
Cadmium 0.0086 4.3 8.6 19.7 
Chromium 0.0056 0.51 
Copper 0.26 12 0.28 0.89 
Iron 15 15 

Lead 0.043 0.85 0.30 0.044 
Manganese 2.2 2.2 
Mercury 0.00014 0.14 
Nickel 1.3 144 0.32 0.64 
Silver 0.11 0.023 
Zinc 179 4,404 2,103 192 
Notes: 
'' Surface water concentrations estimated by multiplying the average surfece water concentration (on-
and off-site, both drainageways) by the ratio of the fine-grained composite fraction concentration to the 
average sediment concentration (on- and off-site, both drainageways). 



TABLES 
Conosntratlons Detacted In PIlejReaidum 

Sample ID Sample CPH-6 CPIM blP1-21 NIM3 NP-14 HP-15 NP-16 RCO-10 RCOS IW(M2D RR(M2 RRI^ RR1-2 RR1-3 RRM RR2-11 

Aluminium 12,000 7,000 J 3,800 J 5.700 8,300 J 3.900 J 9,600 J 6,000 J 20,0XJ 8.3XJ 11,0X 7.7XJ 5,3X 7.3X 4,5X J 6,0XJ X,OXJ 
Antimony R 6.30 16.00 U 190.00 J 17.00 U 16.00 U 110.00 3.80 J 1X.X 6.x 17.x UJ 41.00 16.x UJ 16,X UJ 16.x U 16.00 U 400.x 
Arsenic 56.00 33.00 J 8.10 J 200.00 5.70 J 3.10 J 11.00 J 12.00J 41.x J 19.x J 15.x 11.00 J 9.10 6.80 16.x J . 7.x J 21.00 J 
Barium 220 210 ISO 670 290 210 110 130 3X 2X 420 170 IX IX 4X IX IX 
Baiylllum 1.10 J 1.30 0.68 0.84 1.20 0.66 0.97 0.86 2.40 2.x 2.x 1.x 1.10 0.79 0.x a89 1.x 
Cadmium 22.00 10.00 U 6.10 U 50.00 23.00 U 32.00 U 19.00 U 15.00 U 24.x U 21.00 U 1D.X 6.x U S.X 9.40 35.00 U 4.KU 7.x U 
Caldum 5,600 9,900 J 7,500 J 2,100 5,000 J 1,900 J 8,200 J 16,000 J 2P.X0J 17,0XJ 19.0X 17,0XJ 6,2X 3,SX 9XJ 9,4X J 32XJ 
Chromium 50.00 10.00 4.40 22.00 J 11.00 '4.90 62.00 22.x 220.00 X.X X.XJ 47.x 6.x J 920 J 12.x 6.x 2X.00 
Cobalt 630.00 250.00 440:X 110.00 6.20 4.40 500.00 430.x 780.x 570.x 5X.X 440.x 140.x 70.x 9.70 6XOO X.X 
Copper 3,700 2,400 J 2,100 J 3.600 190 J 140 J 1,900 J 1,9XJ 24,0XJ 2,2XJ 3.4X 22XJ 3,4X 2,0X 4XJ 2.6XJ 34,OX J 
Iron 82,000 110,000 47,000 110,000 24.000 5.500 31,000 36.0X X,0X 25,0X 73,0X 48.0X 75,0X X,OX X.OX 72,0X 77,0X 
Lead 7,100 800 79 31,000 76 74 1200 550 2,5X 5X 520 810 4X 2X 1,X0 IX 7,7X 

3,200 4,200 J 4.400 J 1,000 J 700J 570 J 3,000 j 3.6XJ 5,4XJ 3,8XJ 5,2X J 4,7XJ 3,X0J 1,4XJ 340 J 6,0XJ 12XJ 
Manganaaa 2,500 910 330 8.300 J 490 65 510 1,1X ax 570 1,3XJ 9X 3XJ IX J IX 2X 7X 
Maroiry 0.43 0.43 0.05 0.07 0.03 0.04 0.10 0.23 0.02 0.x 0.x O.X 0.x OM OX 0.04 0.01 
Nichal 1,600 650 610 SB 21 10 1,300 XO 7,0X 1,100 1.1X 1,0X 7X 610 22 ax 10,0X 
Potassium 660 1,300 J 770 J 140 J 600J 240J 410 J 640J 1.4X J 470 J 1,3XJ 7XJ 770J 4X J 340 J 6XJ 2XJ 
Selanium 15.00 U 6.90 J 4.40 J 4.70 1.80 J 2.80 J 6.10 J 5.70 J 4.x K S.XJ 5.x 4.x J 5.70 4.70 1.70 J 3.x J 3.x J 
Sllvar 56.00 14.00 48.00 140.00 0.39 0.48 9.50 21.00 43.x 13,00 34.00 1B.X 6X 3.x IX 77.x X 
Sodium 1,600 - 340J 4S0J 51 460J 220J 170 J I.IXJ 810 J 7X J 1,700 1,1XJ 2X 2X IX J 340 J 2XJ 
ThaUum 8:40 0.31 UJ 0.32 UJ 0.1 IJ 0.24 J 0.07 J 0.12 J 0.11 J 0.x J 0.10 J 0.x J 0.11 J 0.32 U 0.05 J 0.10 J 0.32 UJ 1 J 
Vanadium 34 11 12 21 29 12 10 18 14 15 20 17 12 12 27 10 6 
Zinc 180.000 190.000 170.000 39.000 25.000 39.000 180.000 1X.0X 1X,0X 2X.0X 1X.0X IX.OX 210,0X 1X.0X 7,7X 1X,0X 1X.X0 

~ milllBrarw par kHagrani 
U s The analyto waa anaiyzad for, but was not datectad above Aa lava! of the raportad aampla quanUtatlon Umlta. 
J B The rasutt is an atfbiMM quantity. The aaaodatad rnatariai value la the appraidrnata concanbalton of the analyta in the samptes. 
R « The data are unuaabla. The sampla raaiit ia rajadad due to aartaus daidandas In meeting Qualty oontrd crttarla. The analyla may or may not be praaant In toe aampla. 
UJ « The analyla was anaiyaad for, but was not datadsd. The raportad quantltaSon ImK la appraadmala and may be Inaccurata or Impraciaa 
Souica: labia tll-3, Rl Addandum.(ENViRON,.2005). aamplad March 2006. 
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TM1£|. 
Concmraiom Delaclad in OKlte Surface Sail 

8iimpl.lD 
Itopth 0-r 

A1-M1 
o-r 

.AI-MI-2 
0-r 

A2-1M1 
Mr 

A2-3-81 
M-

A2-3-S1D 
o-r 

NA-SI 
0-r 

NA-S2 
0-r 

NA-S2D 
0-8" 

liA«3 
0^ 0-6-

Aluminium 19,000 J 18,000 J 21,000 J 9,800 J 11,000 J 11,000 11,000 8,400 8,600 11,000 7,600 

18 UJ 5 J '• 2UJ 18 UJ 19 UJ 18 UJ 19 UJ 19 UJ 21 UJ 19 UJ 20 UJ 

Araenic 12 21 5 2 11 7 7 4 5 4 3 

Barium 190 150 110 150 160 150 160 120 93 150 84 

BarylUum 1 1 1 1 1 1 1 0 1 1 0 

Cadmium 7 J 8 J 5 J 6 J 8 J 7 J 3 6 8 3 2 

Cakaum 1,000 1,000 1,600 1,800 650 670 8,500 1,100 1,500 2,300 1,700 

Chromium 21 J 22 J 23 13 J 15 J 15 J 14 J 11 J 13 J 13 J 10 J 

Cobalt 13 12 6 3 18 8 6 4 7 4 3 

Coppar 130 J 180 J 12 J 27 J 8 J 12 J 20 67 170 19 10 

Iron 27,000 25,000 19,000 8,100 16,000 12,000 14,000 9,000 10,000 11,000 7,300 

Lsad 500 1,100 24 26 30 29 87 120 230 40 31 

Magnatium 2,200 J 2,700 J 2,500 J 900 J 1,400 J 1,400 J 1,300 J 1,000 J 1,100 J 1,200 J 920 J 

Manganese 540 490 190 160 960 400 1,000 J 260 J 320 J 260 J 280 J 

Mercury 0.042 0.028 6!O4I 0.034 o.(no 0.023 0.020 0.031 0.050 0.019 0.015 

Nickol 42 J 18 J 16 J 8 J 11 J 9 J 11 11 37 10 7 

Potassium 1,300 J 1,400 J 670 J 840 J 900 J 940 J 910 J 730 J 750 J 870 J 810 J 

Selenium 1 J 1 J 1 J 1 J 1 1 J 1 J 1 J 1 J 1 J 1 J 

Silver 1 3 0 J 0 0 J 0 J 0 0 0 0 0 J 

Sodium 53 41 73 98 70 66 36 47 58 37 33 

Thalium 0 0 0 J 0 J 0 0 0 0 0 J 0 0 J 

Vanadium 39 42 33 23 40 33 32 21 22 28 19 

Zinc 4,800 J 2,700 J 93 J 770 J 460 J 710 J 1,600 5,100 7,700 1,500 950 

nnsflig = niiligiBtm par kilogram; 
U = The analyta was analyzed for, :biit wainot dntadad above the level of tha rapcrtad sampla quantMian limits. 
J = The result la an aatlmatad quantlly. The aaaodatad material value is ttia appnuanala oonoanlralicn of. Ilw analyta In die samplaa. 
R = Tin data are unuaatala. Tin sample raaiSt Is refected due to serious delriendes In meeting Quality oontiol criteria. TTw anelyls may or may not be present In Ihe sample. 
UJ = fiie enalyte was analyzad tar, but wee riot detected. The reported quantltalion tmlt Is eppraslmela and may be inaccurate or Impradea 
Source; Tebia UK Rl Addendum (ENVIROig, 2005), senvled Marcli 2005. 
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TABL£7 
RHUW PU* Mi - IB>A Snvllng. April 200S 
Eia)iZricConii«iySte,Whton atari! 

ilnliK raACfl MQKO MOMB MSMB MBMB pgnco ngKg ligACg MgffCg ngmg |ig/Kg MOMg MBMg 

Pharal 48 J 

Phanonttinine 61 J - - - - - 90 J - - - - - -
Fluofanlhina 120 J 71 J - - - - 250 J - - - - - 74 J 

Pyrene 100 J 54 J - - - - 170 J - - - - - 48 J 

Bmza(a)anthraoana 51 J - - - - - 88 J - - - - - -
Chiyiana • 110 J 40 J - - - - 150 J - - - - - 66 J 

Banzo(b)nuaranthana 110 J 41 J - - - - 130 J - - - - - 68 J 

Banzo(l()lluorantliana - - - - - - 57 J - - - - - -
Banzo(a)pyr8na 43 J - - - - - 65 J - - - - - -
Banzo(o.h.l)paiylara 55 J 

48 J 
- - - - • - SO J - - - - — -

rrwnoi 

Phananlhrana 61 J _ _ _ - 90 J _ - _ - _ 
Fluoianltiana 120 J. 71 J - - - - 250 J - - - - - 74 J 

Pyrena 100 J 54 J - - - - 170 J - - - - • - 49 J 

Banzo(a)aiiUiiacana 51 J - - - - - OBJ - - - - - -
Chryaana 110 J 40 J - - - - 150 J - - - - - 66 J 

Banzo(b)l1uorafithana 110 J 41 J - - - - 130 J - - - - - 66 J 

BenzQ(k)fluoranthana - - - - - - 57 J - - - - - -
Banzo(a)pyrana 43 J - - - - - 66 J - - - - - -
Banza(g,h,l)paiylana 55 J! _ _ - 50 J _ _ _ 

IBBSH 
Unite: moncg mgnce mgA(o msKg msKo mgfltO m«/Ko mg/Kg mg/Kg mgflCg mgKg mgWg mgflCg 

Aluminum 8,860 4,000 5.530 4,490 3,910 4,890 4,150 41,400 39,800 75,500 47,200 56,6X 4,840 

Antimony 13:3 13 28.6 355 13.1 8.7 320 429 665 626 621 608 109 

Araanlc 11.1 7 158 124 37.1 28.7 141 48.1 34.2 61.1 52.6 53.4 175 

Barium 356 58.9 1930 288 623 430 103 82 55.3 55.5 40.7 58.3 285 

Beryillum 1.1 1.1 1.1 0.58 0.54 0.95 0.34 J 2.9 0.34 J 0.24 J 0.12 J 0.37 J 0.54 J 

Cadmium 88.5 9 67.4 0.56 U 30.4 17.6 152 18.2 60.5 29 42 34.9 97.8 

Caldum 8.160 J- 10,300 J- 2,1M J- 1,060 J- 1,250 J- 1,500 J- 11,300 J- 1,140 J- 723 J- 1,310 J- 751 J- I.IX J- 7,630 J-

Chramlwn 16.2 &6 20.6 18.7 15.3 10.1 169 902 278 1460 1620 1480 41.5 

CoWt 16.9 417 30.2 103 16.5 12.5 10.7 60.9 34.5 114 79.9 72.8 21 

Ccppar 394 304 3,280 3,190 757 488 454 21,900 33.1W 20,3X 19,800 23,900 1,400 

1^ 43,400 8,330 117,000 117,000 53,600 36,700 56,7M 32,400 142,000 56,200 53,500 45,500 29,1X 

Laad 3.190^ 83.7 5,680 36,500 7,860 7.390 7,230 20,300 13,000 16,800 18,400 16,400 29,1X 

M^nasium 2.140 J. 4,720 J. 1,610 J- 492 J- 857 J- 446 J- 2,170 J- 1,340 J- 810 J- 1.440 J- 926 J- 1,620 J- 1,370 J. M^nasium 
517 374 231 5,200 151 188 492 707 1,280 1,080 938 1,120 471 

Maroiry 2.3 0.058 J 0.061 J 1.6 0.078 J 0.11 U 0.2 0.081 J 0.14 0.11 J 0.052 U 0.12 U 0.15 

lOQaaaoi 
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TABLES 
Suttea Sell Data - IB>A Smpling, Afiril 2005 
EBOItaic Company Saa. Hmbm IHnob 
SmpUngLocalloi 1: X1M X105 X1M X107 X10B X108 , X110 X111 X112 X113 X114 X115 X115 X118 X119 
DatoSampM: Aorns 407/05 4/zr/os 4/27/05 4OT/05 4/27/05 407/05 4/27/05 407/05 405ro9 407/05 407/05 4/27/08 4/27/05 4/28/08 
UnHa: 

8,110 4,770 8,230 5,210 10,400 6,850 6.040 5,890 9,170 7,070 7,330 5,200 7,510 6,720 4.870 
Antimony 7.1 UJ 6.8 UJ 8.7 UJ 7.7 UJ 7.5 UJ 7.6 UJ 7 UJ a.2 UJ 7.5 UJ 22.2 72 UJ 6.8 UJ 1.4 J 7.5 UJ BJB U 
ATVonic 9.7 J 9.2 J 9.1 J 8.8 j 6.8 J 5.5 J 9.1 J 6.8 J 16.3 J 14.9 7.6 J 11.6 J 8.8 J 8.9 J 5.5 J 
Baffum 188 110 119 105 178 98.2 122 119 354 191 235 130 180 113 103 
Borylluffl 0:52 J 0.55 J a40 J 0.48 J aB2 0,43 J 0.67 0,5 J 27 0.76 0.66 0.61 0.78 0;51 J 0.65 J 
Cadmium 9.7 29.2 1.5 5.4 1.7 1.5 2:6 3.5 1.6 6 6.5 34.6 0.53 J 0.97 9.1 
Calcium 50.^ 2,500 6,320 2,060 7.200 1,620 62,900 . 3,570 13,000 14,400 J- 12,300 2,270 30,300 9,720 6,100 
Chromium 11.3 7.4 11.6 10.3 14.6 10.5 12.4 9.1 12.5 31.9 10 8.7 11.8 11.6 9.1 
Cobalt 11.5 • 7.3 6.5 J 10.1 5 J 6.5 8.1 5.7 J 7.1 136 9 8 9.2 10.6 10.7 
CoDoar 86.5 241 19.1 ~ 178 18.6 15.3 146 26.3 124 1710 139 219 13.3 10.8 57.8 
Iran 16,600 19,100 14,700 15,^ ' 13,200 10,300 25,800 11,700 50,500 107,000 15,600 22,800 14,000 14,000 10,300 
Load 46.4 408 53 155 50 45.8 267 164 417 401 287 469 27.1 34.4 273 J 
Magnaoium 1,990 1,030 1,980 908 1,600 1,270 2,440 1,360 2,480 3,210 J- 1,600 1,050 1,770 1,460 926 
Manganaaa 1,380 408 798 956 229 679 728 456 880 809 500 306 1,500 1,380 353 J 
Maraury 0.087 J 0.093 J 0.12 J 0.13 U 0.11 J 0.064 J 0.078 J 0.085 J 0.13 U 0.11 J 0.12 U 0.072 J 0.071 J 0:06 J 0:51 J 
NIckal 12.2 12.3 11.4 12.4 8.6 ^ 10.4 15.5 9.7 18.4 439 14.8 13.1 15.1 10.1 . 19.6 
Potassium . 1,080 J 390 J 880 J 479 J 1,210 J 787 J . 740 J 908 J 1,340 J 1,250 J 769 J 403 J 785 J 557 J 464 UJ 
Salanium 1.1 J 1.5 J 1 J 1.2 J 0.93 J 0.72 J 1.4 J 0.76 J 1.7 J 9.5 J- 0.50 J 1.7 J 0.94 J 0.79-J 2 J 
Silver 0.3 J 2.6 1.5 U 0.5 J 1.2 U 0.26 J 0.46 J 1.4 U 1.1 J 4.9 1.6 2.3 0.71 J 0.42 J 0.82 UJ 
Sodium 96.7 J 185 J 75 J 84.1 J 102 J 59.4 J 328 J 72.4 J 1800 7320 J+ 231 J 144 J 77.2 J 78.4 J 02.3 J 
ThaUiim 2.9 U 2.8 U 3.6 U 3.2 U 3.1 U 3.2 U 2.9 U 3.4 U 3.1 U 3.2 R 3 U ZB U 3.3 U 3.1 U 4.1 U 
Vanadium 26.2 20.1 24 23.1 26.2 17.5 23.1 16.9 45.1 29.9 22 25.5 24 25.7 15.0 
Zinc 8,670 19,200 872 7,610 463 1,300 9,440 1,080 4,000 70,600 18,200 22,400 307 595 6,030 
Cvanlda 0.29 UJ 0;07 UJ 0.34 UJ 0.2 UJ 0.15 UJ 0.15 UJ 0.21 UJ 0.23 UJ 0.15 UJ 0.11 J 0.15 UJ 0.04 UJ 3.3 U 0.21 UJ 0.25 J 

TitHas 5 ki 1SJII> 
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TABL£9 
Cotnpvto ctf PBa RaaidH OirMMilnfiora wHh ReiMU PraHtnlnwy 
E^I>Z(TOConipflrvSlt.Hfcborob«noh 

Akjmlnutn 
Antimony 
Arunic 
Barium 
BeryUium 
Cadmium 
ChromUnn 

Copper 
Iron 

ID 

SsMalL 

Coihpbalti 
Sannrfa 

12.000 

cPH-e CPH-0 MP1-21 NP-ia NP-14 NP-15 NP-ie RCO-10 RCO-6 RR0-12D RRO-12 RRI^ RR14 RRI-a RR1-4 RR2-11 

5,700 e.3W 3.900 35.0W 

510 1,100 880 570 t300 930 330 190 160 
0 0 0 0 0 0 0 0 0 

1,300 BOOU stm 1.1M 1,100 1,000 790 610 22 
6 6 5 6 6 4 6 5 2 
10 21 43 13 34 18 9 4 2 
0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1 0.1 
10 16 14 15 20 17 12 12 27 

Residential PRGa are baaed on a 1 x 10* eacaaa MMma cancer risk or a noncancer hazard quotient of one. 
Vahjea shown as boUed end shaded ware higher than the PRGs. 
Note that a background concentration of arsenic In aoUIn Illinois Is 11.3 mg/kg (ENVIRON, 2004). 

4 
29 
1.0 

6 

JPRG 

76,100 
31 

0.39 
5,400 

200 
37 

200 
900 

3,100 
23.5iD0 

400 
1,800 

23 
1,600 

400 
400 

5 
100 

23,500 

10090009 
TsUHStOlSJia 

Tabla9 



TABL£10 
Catnparinn of Concantrations Detedad in Otnila SurfKa Solliwllti Raddenttal PRGa 

SamplalD 
DtoCh 

A1-26-S1 A1-M1 A1-3-S1-2 A2^3-81 i U4-81 A2-3-S1D NA-81 NA-B2 1 NA-82D NA-84 f 
.04" PRGa 

PnmteCmM 
Aluminum 19,000 18,000 21,000 9,800 11,000 11,000 1.1,000 8,400 8,600 11,000 7,600 76.100 
Antimony • 18 5 2 18 19 18 19 19 2t 19 20 31 
Anmlc 0.43 
Barium 190 150 110 ISO 160 150 160 120 93 ISO 84 5,400 
Barylllum 1 1 1 1 1 1 1 0 1 1 0 200 
Cadmium 7 8 5 6 8 7 3 6 6 3 2 37 
Chromium 21 22 23 13. 15 15 14 11 13 13 10 200 
Cffbgit 13 12 8 3 18 8 8 4 7 4 3 9ro 
Copper 130 180 12 27 8 12 20 87 170 19 10 3,100 
Iron 19,000 : 8,100 16,no 12,000 14,000 9,000 10,000 11,000 7,300 23,500 
Lead HMBO •iil 24 26 30 29 87 120 230 40 31 400 
Manganaae 540 490 190 160 960 400 1,000 260 320 260 280 1,800 
iyiarcury 0.042 0.028 0,041 0.034 0.020 0.023 0.Q20 0.031 0.050 0.019 0:015 23 
Nickel 42 18 16 8 11 9 11 11 37 10 7 1,600 
Selanlum 1.0 1.1 0.6 0.8 1.2 0.9 0.9 0.9 1.1 0.6 0.6 400 
SUvar t:0 3.4 0.1 0.1 0.1 0.1 0.3 0.2 0.4 0.1 0.1 400 
ThalNum 0.4 0.3 0.2 0.2 0:4 0.4 0.2 0.2 0.2 0.2 0.1 52 
Vanadium 39 42 33 23 40 33 32 21 22 28 19 100 
Zinc 4.800 2.700 93 770 460 710 1800 5.100 7,700 1.500 650 23,500 

RaaMantiai PRGa am baaad on a 1 x Kr axcaaalllMma cancar rlik or a noncanoar hazard quotiam of one. 
Valuaa ahowii aa boldad and ahadad wera hIgharlhanthaPRGa 
itota thai a background concantratian of ataanlc.in adljiln IllJnoia ia 11:3 mg/kg (ENVIRON, 2004). 



TABL£11 
Compman of RIe RaMue Concentrations wilh.lndusbial PRG: 
EMteanc QMMMKSto. HaWwa .flftioa 

CPH4 CPH-0 HPi-ai NP-1S NP-14 NP-18 NP-16 RCO-10 RC04 RII0-12D RRO-12 RRi-a RR1-4 RRM1 
IndueWelPRO 

Ahiminum 
Antimony 
Arsenic 
Barium 
Boryiiiun 
Cadmium 
Qvomium 
Cobalt 
Copper 

Mercury 
Nichai 
Salanium 
Silvar 
Thallum 
Vanadium 
2Inc 

12,000 

220 
1 

22 
SO 

630 
3.700 

82.000! 

2.500 
0 

1,600 
15 
58 
84 
34 

7,000 
8 

3M 
16 

5,700 
100 

210 
1 

10 
10 

250 
2400 

800 
910 

0 
650 

7 
14 

0.3 
11 

150 
1 
8 
4 

440 
2.100 

47.000 
70 

330 
0 

610 
4 

46 
0.3 
12 

8,300 
17 

870 
1 
50 
22 
110 

3,800 

8,300 
0 
59 
5 

140 
0;1 
21 

30,000 

200 
1 

23 
11 
8 

100 
24,000 

76 
400 
0 
21 
2 
0 

0.2 
20 

25,000.. 

3,000 
16 

210 
1 
32 
5 
4 

140 
5,500 

74 
65 
0 
10 
3 
0 

0.1 
12 

0,600 
110 

110 
1 
10 
62 
500 

1,900 
31,000 

InduaMal PRGa are baaed on a 1 x 10^ excess watime canoar riak or a noncancer tiazard quotiant of one. 
Vahjos shown as bolded and shaded wars highvthah the PRGs 
Note that a bacfcomund oonoantration of arsenic hi soU In IVinois is 11.3 mgArg (ENVIRON, 2004). 

510 
0 

1,300 
8 

10 
0.1 
10 

6,mo 
4 

"130 
1 

15 
22 

430 
1,000 

36i000 

1,100 
0 

800 
6 

21 
0.1 
18 

20,000 
100 

8,300 
7 

11,000 
17 

7,700 
41 

5,300 
18 

7300 
16 

4,500 
16 

6,000 
16 

2 
24 

220 
760 

24,000 
. M.OOO 

880 
0 

7,000 
5 • 

43 
0.1 
14 

230 
3 
21 
30 
570 

2,200 
25,000 

530 
570 
0 

1,100 
6 

13 
0.1 
15 

420 
2 

10 
38 

560 
3,400 

73,000 
520| 

1.300 
0 

1.100 
6 

34 
0.1 
20 

170 
2 
7 

47 
440 

2300 
48,000 

030 
0 

1,000 
4 

10 
0.1 
17 

160 
1 

140 
3.400 

75.000 
450 
330 

0 
700 

6 
9 

0.3 
12 

130 
1 
0 
0 

70 
2,000 

60,000 
250| 
100 

0 
610 

5 
4 

0.1 
12 

480 
1 

35 
12 
10 

400 
88,900 

160 
0 

22 
2 
2 

0.1 
27 

150 
1 
5 
7 

860 
2,600 

72.000 
1201 
200 

0 
800 

4 
77 

0.3 
10 

36.000 
400 mm 
130 
2 
7 

200 
03 

34,000 
77;00i0 

750 
0 

10.000 
4 
20 
1.0 
8 

100.000 
400 
2 

66.600 
1.000 
4» 
400 

1.000 
40.900 
100,000 

800 
10,500 

300 
20;400 
5,100 
5.1X 
IX 

1.0X 
JOOjOOO 

• 8 to 16.xli 
TMolt 



TABLE12 
Compariabn of ConcMratians DiMad in Oralte Suriaca Soi ailih^lnduatrlal PRGa 
Bmjgm Miw 

Sampla ID: A1-2M1 A1-3-81 A1-U1-2A2-1M1 A2-U1 i A2-641D NA-S1 HM2 NA^20 NA43 NA-84 InduBtital 
Dapth: 0-6" 0-6" 0-6" IW 0-6" lu 0-6" 0-6" 04- 04" 04" PRGi 

Aluwlnum 19,000 18,OX 2i;0X 9.X0 ii;ox ll,OX 11,xo 6,400 8,6X 11,0X 7,6X 1X,0X 
Anarmny 
Arasnlc 

ia 5 2 18 19 18 19 19. 21 19 X 4X Anarmny 
Arasnlc 1.6 
Barium 100 IX 110 IX IX IX IX IX X IX 84 X,6X 
Baryllkjm 1 1 1 1 1 1 1 0 ' 1 1 0 1,9X 
Cadmium 7 8 5 6 8 7 3 6 8 3 2 5X 
Chnnilum 21 22 23 13 15 15 14 11 13 13 10 4X 
Cobalt 13 12 6 3 IB 8 8 4 7 4 3 1,9X 
Coppar 130 IX 12 27 8 12 X 67 1TO 19 10 40,9X 
Iron 27.000 25.0X 19,OX 8,1X 16,0X 12.0X 14,0X 9.0X 10,XO 11.0X 7,X0 -100,0X 
Load sooH 24 26 X 29 87 IX 2X 40 31 ax 
Mangansaa 540 490 IX - IX 9X 4X 1.0X 2X 3X 2X 2X 19.5X 
Mareury 0.042 0.028 0.041 0.034 0.020 0.023 0.020 0.X1 O.OX 0.019 0.015 3X 
NIckal 42 18 16 6 11 9 11 11 37 10 7 X,4X 
Salanlum 1.0 1.1 0.6 ao 1.2 0.9 0.9 0.9 1.1 0.6 0.6 5,IX 
Sllvar 1.0 3.4 0.1 0.1 0.1 0.1 0.3 0.2 0.4 0.1 0.1 5,IX 
Thallium 0.4 0.3 0.2 0.2 0.4 0.4 0;2 0.2 0.2 0.2 0.1 100 
Vanadium 39 42 33 23 40 33 32 21 22 X 19 1,0X 
Zinc 4,800 2.7X 93 770 4X 7.10 1.6X 5,100 7,7X 1.5X 9X 1X.0X 

Industrial PRGs am baaad on a 1 x 1C" axoaaa Watlms canoar risk or a noncanoar hazard quotlant of ana. 
Valuss ahaam aa boldad and ahadad warn highar than aw PRGa. 
Note aiat a background concsntratton of araanic In aod In lUinola Is 11.3 mg/kg (ENVIRON, 2004). 

TablasStolSjds 
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TMLEM 
CampMra a( PtoiRaMiB CannMim tAi R 
&•!»»« CnmMn>Sfc.MWi<m«iMi 

•IPRGi. 

CMM CPIM MPI-M NP-13 NP^4 NP-II NMt RCO-11 RCM MtOrllD RRO-12 RRII RR1-1 RRI-l llin-4 l«»1 

T" TlHiB'fl »p<gi|aHi 530 620 810 45D JM 
ValuN ihown •• bdded md ihKlsd wan higlw llw tte PRG 

TMKSUISU* 



TABLE 15 
Uhivereai Soil Loss Equation Results fbr Individual Piles 
Eagle Zinc Company Site, HMnm, immis 

A = RKLSCP 
Symbol Valuo Doacrliitlon Unltii Nolao 

210 Rainfall and tons/acre/unit Wlschmeier and Smith, 1978 
ninofferosivlty area 
indaxfbra 
given location 

L 

S 

LS 

C 

Soirerodibiljty unit area/year 
factor 

measured Slope length unitiesa 
tactor 

measured Slope unlUess 
steepness 
tactor 

computed Topographic unltless 
factor 

Cover and unltless 
management 
tactor 

I.OE+OO Conservation uniUess 
or support 
practice factor 

calculated Average tons/acrefyear 
annual solt 
loss 

ENVIRON. 2005 

ENVIRON, 2005 

Wlschmeier and Smith, 1978 

Wlschmeier and Smith, 1978 

Wlschmeier and Smith, 1978 

Pile R K L 8 1^ 0 P A 

Average 
Annual Soli 

Loas 
Area (fl2) Area (acres) (tona/year) 

CPH-8 210 0.1 19:19 125 20 0.45 1 189 1,862 0.04 8.08 
CPH-9 210 0.1 23.1 124 20 0.45 1 189 3,228 0.07 14.01 
NP-15 210 0.1 21.85 86 15 0.45 1 141.75 5,942 0.14 19:34 
NP-16 210 0.1 32.35 122 20 0.45 1 189 8,922 0.20 38.71 
RCO-10 210 0.1 28.38 100 20 0.45 1 189 8,192 0.19 35.54 
RR1-3 210 0.1 21.34 40 5:8 0.45 1 54.81 7,490 0.17 9.42 
RR2-11 210 0.1 40.68 109 20 0.45 1 189 20,689 0.47 89.77 
RRO-12 210 0.1 31.63 54 9:5 0.45 1 89.775 20,922 0.48 43.12 

10/2W2009 
Tables S to 15.xls 

TablalS 
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NA-S2D mg/Kg 
Zinc 7.700(7.500) 

lEGEND 

« Soil Boring. sample not sent lo lab 

* Son Boring, sample sent to lab 

( ) Most Stringent Taco Tier I Value (Sen 

Residue Piles 

MOST STRINGENTTACO TIER 1 VALUES (SCREENING LEVELS) 

InduatrMM ConsbucitonVI Solls-»6WI 

enanlc ii.3 61 20 

CarkTilum %000 200 11 

Zkic 610,000 61,000 7,500 

. Storm VWehrr On 

* UMdnoMnlnglanlbaavJonUSEPARasionlllRBC. 

Adapted from Ertvlron. 

3M 

E062QOSOOOMKE lli«_SeLb>V*ni.nuiki>^_SL«_v7.a WTStmii l iM ft 

FIGURE 1 
Surfaco Sol Sampjjng Results Above 
Seeing lj>ve(s and Realdue Piles 
E»gh2kK.ieiabm,imolt 



Attachment 1 
Location of lEFA Residue and 

Soil Samples (April 2005) 



Figure 4 
Eagle Zinc Company 
Sample Lx>catlon Map 

Ugwid 
e soa 
0 Sediment 
0 Waste 

— SiteBoindery 



Attachment 2 
Development of PRCs for Lead in Soil 



Calculadong of Preliminary Remediation Goali (PRGi) 

ATTACHMENTl 

il Use PRC 
^OKCamatSli 

ClBlculatlons of Preliminary Ramedlatlon Goala (PRGa) 
U.S. EPAtachnleai Revlow Worfcgreup for Laad, Mult Load CommlUao 

VaralondaloOS/ian» 

PbBM. AM X X 95* parowilto PbB in fMu» ug/dL 10 10 10 10 

RwaMM X X FaMMorral PbB ratio - 0.0 0.9 0.9 0.9 
BKSF X X Hokinelic SIbpo Factor uo/dLper 0.4 0.4 0.4 0.4 

uB««y 

GSO, X X - Z1 2.3 2.1 2.3 

PbBo X X BaunrwPbB ugfdL 1.5 1.7 1.5 1.7 

IR. X Son mgottlon rate (indudBig aoiktorivod Indoor dust) fl««y 0.100 0.100 - -
tReao X Total Ingaation rata of outdoor •oil and Indoor duat gfday - - 0.100 0.100 

w. X Waighling hctor. ftactkm of IRato ingaatad as outdoor soil - - - 1.0 1.0 

K» X MassfractiGnoraoBin duat - - - 0.7 0.7 

AF^D X X Abaorptlon fraction (sama for soil and dust) - 0.12 0.12 0.12 0.12 

EF,.D X X Exposura fraquancy (uma for son and dust) dayafVr 75 75 75 75 
AT».o X X Avsragbig^ (sama tor son and dusQ itoya/Vr 365 355 385 365 
PRG . .. Pr^lfHO^nsiWadiBtiM ppm 1.603 . 1.130 1,603 1,139 
^ Equalkin 1 don ml appofttoh 

Whan IR. ' IRM> and Wa = 1.0, tha aquahona yfatd ttia aama PRG. 
n sod and dial ngnHon (axdudn Wa, Kao). 

•Equation 1, band on Eg. 4 In USEPA (1W6). 

PRG> (FbB«|fBtal/(R^(GSD,'niH'bB,rATM 
BKSF*(IR,«*AF,,n*EFs.o) 

^g^|on2^aremMag^^^ta^_onEgj^aM^jM9hiUSyMieM). 

PRG- (PbBMa,a«/(R*(GSD,'-^)lH»bB„)*ATs,D f 
BKSF*(l(IR,«rAF,*EFa*Wal+(K„^(IR».Bni.W,)*AFB-EFo]) 

Sonm: U.S. EPA (1996). I • of the Tcckakal Ravlaw Workgroup for Laad 
for an Inlarim Appraack la Aiacaalng Rhka Aaaodalad -Rk Adidl Eipoauraa to Laod In SoU 



Calculatloiii of Pretimfaiary Remedladon Goali (PRGs) 

AnACMIIEMT2 
Conshictldn Wbikar PRG for Load 
Eagle Snc Company SiB 
HiBaboio. IL 

Calculations of Pnllmlnaiy Remediation Goals (PRGs) 
U.8. EPA Tachnleal itovlaw Woifcgroup for Uad. Adiilt Load CcmnltlM 

X X 9^ poitoiiUli PbB In folui ugML 10 10 10 10 
fVasamM X X _ 0.0 0.0 0.0 0.0 
BKSF X X BiddnolicSlopo Foctar ugMLpor , 

ugUoy 
0.4 0.4 0.4 0.4 

GSO, X X Goomotric otsnitanl dovirton PliB - 2.1 2.3 2;1 2.3 
PDBB X X BasollnoPbe ug/dL 1.5 1.7 1.5 1.7 
IRs X 9m 0.330 0.330 - -
IReao X Totol biBootfon nto of outdoor wi and indoor dust g/dsy - - 0.330 0.330 
w. X WtdgMng tactor fraidion of IRani ingootod as ou^^ - - - 1.0 1.0 
K«, X - - - 0.7 0.7 
AF|i,o X X Absoiptfon frodiDn (sams for soil and diat) - 0.12 0.12 0.12 0.12 
eF.,D X X daysiyr 20 20 20 20 
AT^o X X Avofoging tfcno (aomo far soil and dust) daya/yr 365 365 365 365 
PRG ppm: 2,040 1,20i 2,0«. i.m 

n soil and dust B Equitkm 1 does not ipportion aqxMure 
Wheii IR, » 1RS,D iBd W. » 1.0, the eiiiistipni yield the'sMne PRG. 

liCexc • w„ic„). 

*y^ontbjMdonEgJjnJj8EP^^ 

PRO- ([PbB«,folal/(R'(G3p,'-")l)-PbB.rATsj, 
BKSP(IR,,B*AF,.o*EFeji) 

I on Eg. 4 and Eg. A-19 In U8EPA (1996). 

PRO- ([RbB««iH/(R*(GSD,''*»)j).PbBorAt,,o 
BK3F^[(IR»^rAF,'EI-»-WJ*[Km'(IR..oni-Vy,)'AFB'EFiJ) 

Soaiee: U3. EPA (1996). I • of tM Tcchideal Rcvkw Woitsreup Ihr U$d 
for mm Ipteilm Appreoeh to AMIHIDI Risks Associstcd wfth Adnh Eiposurci to Lead la 8oU 



Attachments 
Evaluation of Construction Dust Emissions 



MP1-21 Construction impacts 

Parameter Symbol Value Notes 
Emission Flux (tons/acre-month) 1.2 
Conversion factors 
lbs/ton 2000 
g/lb 454 
days/month 30 
seconds/day 86400 
m^/acre 4047 
Emissions flux (g/m^-s) F 1.04E-04 

Calcuiate Chemical-Specific Emission Rates 

Measured Conversion 
Concentration Factor 

JmaM tis^naL 
0.000001 
0.000001 
0.000001 
0,000001 
0.000001 
0,000001 
0.000001 
0.000001 
0.000001 
0.000001 
0,000001 
0.000001 
0.000001 

, , 0.000001 
M 0.000001 

0.000001 
0.000001 

Parameter 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

Ehfiission 
Rate (g/m'-e) Notes 

5.92E-07 
1.97E-O0 
2.08E-08 
9,04E-08 
8.73E-11 
5.19E-69 
2.29E-09 
1.14E-08 
3.74E-07 
1.14E-05 
3.22E-06 
8.62E-07 
6.75E-12 
6.13E^09 
4.88E-10 
1.45E-08 
1.14E-11 
2.18E-09 
4.05E-06 



RR2-11 Construction Impacts 

Paramatar Symbol Value 

Emission Flux (Ibns/acre^month) 1.2 

Conversion factors 

IbsAon 2000 

g/lb 454 

30 

seconds/day 86400 

m^/acre 4047 

Emissions flux (g/n^-s) F 1.04E-04 

Calculate Chamlcal-SpaclflG Emlaalon Rataa 

Measured 
Concentration 

(529*81 

Conversion 
Factor 

Parameter Emission Rate (g/m'-e) 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
cobalt 
Copper 
iron 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Thallium 
Vanadium 
Zinc 

•.-I 
•-J 

0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 
0.000001 

3.64E-06 
4.15E-08 
2.18E-09 
1.35E-08 
1.56E-10 
7.48E-10 
3.01 E-08 
9.66E-09 
3.53E-06 
8.00E-06 
8.00E-07 
7.79E-08 
1.25E-12 
1.04E-06 
3.74E-10 
3.01 E-09 
1.04E-10 
5.92E-10 
1.45E-05 




